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SECTION I - GFV-rpaT. r>ircopTTiT-yr.> T 
1. PURPOSF OF PT-prTTT 

1.^1 This circuit generates 

voice- frequency sianals in the 
nralt if requency (MF) code. These signals 



are used to transmit the directory number 
of a customer to distant central offices 
oyer a trunk circuit. In addition this 
circuit checks the continuity of trunks and 
will observe battery-reversal start-pulsing 
signals from the MF receiver of a distance 
office. 

li GENERA L DESCRIPTION OF OPERATION 

2.01 when a call is to terminate in a 
distant office, that office must be sent 
the called number so that it can complete 
the call. An MF Transmitter is the circuit 
that sends the called number in the form of 
tone signals to the distant office. After 
the calling customer has dialed the called 
number and the processor has determined 
that the call is to another cf f ice, the 
processor locates an idle MF transmitter 
and connects it to the aopropriate trunk 
circuit via a network path through a 
bypassed junctor. The trunk circuit will 
then send a seizure (start) signal to the 
distant office. The distant office will 
connect an idle MF receiver tc the trunk 
and the MF transmitter will detect the 
connection with the continuity scan point. 
When the distant office is readv to receive 
digits, the MF receiver will send a 
wink (reverse battery) signal which will be 
detected by the polarity scan point. The 
processor will then operate the appropriate 
tone-select relays and the check relay to 
send the digits to the distant office. To 
verify that a digit was sent, the processor 
monitors the 2-of-6 check/digit-transmit 
scan point. After all digits have been 
sent, the processor idles the MF 

transmitter and releases it. 

SECT ION II - DETA ILED DESC PIPTTP.N 
.1 . GENERAL DF!~rP TpTTOM 

1.01 MF signaling uses one group of six 
frequencies in the speech band (700. «00. 
11C0, 130<i, 1500, and 1700 Hz) . ft valid 
yy signal consists of exactly two of thesp 
six frequencies. This signaling code is 
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used as digits or'S^Sal?"* <** ** 

1-^2 when a ~ n 
office, the processor ^--n* , 3 dis t*nt 
connect an idle m' .« " locate ™* 
appropriate trunk circuit ^v^ t0 the 
Path through fcvoaasSi • a net work 

connection will ™" e< * ™nctor. This 

circuit to send a J? ause ^e trunk 

the distant office ^ < st art> signal to 



1/5 tr 



^tflcan^o^rof fch r" - 



processor 
3int of 
trunk 



transmitter 



to verify thp 

processor will „«"*«„ c ° nnect i°n- T ^ 
point of the % S ?" the Clarity scan 
^tart-^i sirgsigna ?- f transit for , 

t*e receiver is ready "to ^c™ 



when 
digits 



•&:■£,£: t th e e^ro t c ra ss S ^ t T reC6iVeS a 
appropriate two of- °Perates the 
relays to connect tar, tone- select 

coils corresponds to t ho °\ tW , oscillat « 
that are to be sent a 2 ^ tWO fre ^encies 
-rifv that cnly*^ % *J JJ -£«, To 
relays are operated * ^2? ? tone- select 
(2-of-6 checM "fTi L Uy logic =ircuit 
allow the oscillators P to at be \ r6lay to 
only two tone-select rU° st arted when 

The processor will then o ? 3rS °P er ated. 
relay to start the osr??i T"' 6 the ch eck 
M? signal. *he"™fi llatCrs and send the 
2-Of-6 check^Le^ranfmit WiU scan the 
verify that the sfanaT ° an P ° int to 
processor willor ' ? ^ Was sen t. -he 

tor.e-selec? l relav«™nI t?f "k^ 36 the s ^ 
send the vr sio ^f s a *f , *** che ck relay to 

digits being sent hl=h cc "espond to the 

-he relationship bet 



2.0 
and other 



the 



ween digits 



sianals anrl 
rrequencies in" the 2-of-fi «■"" ?? si ? nal ing 
snown in "able a. signaling code is 

i^-_JT2^IF2I_CI_CT?CLJIT 

controlled by th" 9 !-^^-'' Which are 
Felays S - (P) through c"^, loutor circuit. 
select, relay - r f !) i 5 P rov ida tone 

and relay" cVp?' Sid^ * t6St Stat *' 
start/stop' control 1<S %„ the to ^ 

determines the stat* r-=^ ■ 1 processor 

Peripheral decoder cfr^it ***' Via tne 
appropriate relays. lrcjlt ' operates the 

by 3 '-\% JSSr S ^» *"•*»•*«* driven 

resistor, m P aSiel^wl«, " on' 00 ^ 

•xitn one break 



TABLE A 
ME 2-OUT-OF-6 CODE 



I FREQUENCIES 
HZ 

7 00, 900 
7 00, 1100 
7 0"l, 1300 
7 00, 1500 
7 00, 1700 
900, 11C0 
900, 1300 
900, 15C0 
900, 1700 
1100, 1300 
1 10C, isoo 
1100, 1700 
1300, 1500 
1300, 1700 
1500, 1700 



I MEANING | 
I 



2, CC 

u 

7 

P,ST3P 

3 

5 

e 

STP 

6 

9 

KP, CP. 


ST2P 
ST 



I 



Note 



CC 

c? 

p. 

KP 

ST 



= Coin collect 

- Coin return 

; * er±n ? or ringback 

- ^eypulse 

= -SP^, i f r =1 + C ° in for 
start] 1 ' fnCriral tr " Jnk 

STP •ss„^*«- «* 

ST3?= TS^,r +NOnC ° inf0r 



contact, i n ser 
initially provid 
arrangement also 
through the distr 
is operated, p. j 
distribute point 
transient voltaa 
released and to ' 
energy when rele 
diode is connect^ 



e^racT^ ^ C ° U to 
j-iaiits the maximum current 
ibute point when the reUy 

v-o i,8 volts to limit the 
e s Pl ke when the relay il 

asef 1Pa ^ the "lay-con 
ased. The anod * 

d to -us volts. 



3.03 Pelav fir /ui j . 

has a U300-oh£ resistor^n*" *? " U8 VOlts ' 

«°il to limit the maxL^ ri6S With the 

the distribute plint ^ ^rrent through 

operated. This ^ 2^ * he relav *• 

designed for soeed of ^L ^? ercur y type 

relay contact around 5 ha ° Per ? ticn without a 

is connected "ro" thp/ 6 ? 1 ?*"' A di °de 

-.3 volts to limit the ^ tri ^ te P oint to 

spike when the relav it ""f^nt voltaae 

dissioate the ^f V 1S rele ased and io 

released. '£* anoae^o? 11 ener ^ wh ^ 

connected to % "Jj. ° f th ^ diode is 
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3. 4 The MF transmitter 
shown in Table B and Table C. 



states 



3. "5 Relays will be referred to by 

their functional names and/or their 

distributer triplet name. Binary 
representation of relays is: 

CK T S-»7 S15 S13 S11 S9 S7 



H 
V 



G 

1 



c 
1 



c 
. 1 



3.P6 When the MF transmitter is in the 
idle state, all relays are released and no 
tone is sent. operating any two of 
relays S7(A) through S17(F) and relay CK(H) 
will send an MF signal. Operating relays 
Sl"»(iy» T(G), and relays S7 (A) 

through S15CF) will send the lower five 
frequencies froir the lower-frequency 

oscillator. Operating relays S7 (A) , T(G) , 
and relays S9(B) through ST^F) will send 
the higher five frequencies from the 
higher-frequency oscillator. 

SEQUENCES OF OPERATION 

3.f7 Table D shows the typical state 
sequences of this circuit. See 

BSP 233-151-1C5 for more details. 

3.CS The nonral return to idle may be 
bypassed during extremely heavy traffic. 
The only requirement is that relay CK (H) 
must be idled before the circuit is 
released. 

TABLE B 

TRANSMITTER STATES - TONES 



1S7(A) 1S9(P) 1S11 (C) |S13(t) |S15(E) |S17(F) 



h 



-i 



|7C0Hz I 900Hz 1 1100Hz | 1 300Hz | 1500Hz | 1700Hz | 

I 1 1 L I I I 



TA.3IE C 
"RANSMITTER STATES - CONTROL 



P FLAYS 



STAT E 



1 

(G) CK(H) S7 S17] 



Idle 



~i~ 



|MF Tone out 



1 | Test lower 
Ifreg osc 



I 1 



1 I Test higher 
|freq osc 



4 . CIPCOIT OPERATION 

LOOP TRUNKS 

ft. 01 After an MF transmitter is 
connected to a trunk circuit, the processor 
will monitor the MF continuity scan 
point (SCO) for continuity tetween the 
MF transmitter and the trunk circuit. If 
continuity is not satisfied after a timed 
interval, the processor will connect the 
MF transmitter to a different trunk and/or 
connect a different MF transmitter to the 
trunk. 

4.02 After SCO operates, the processor 
will monitor the MF polarity scan 
point (SC1) for a wink (start-pulsing 
reverse-battery) signal from the 
MF receiver. SCI with diodes CR1 and CR2 
will operate when tip and ring are 
connected to -48 volts and ground 
respectively. while waiting for the wink 
signal, the processor will operate 
relay H (CK) to force the 2-of-6 
check/tone-transmit scan point SC2 to 
operate so that it can be verified that it 
will operate if a 2-of-6-check failure or 
failure to tone transmit occurs. 

4.03 when the wink signal is received, 
the distant office is ready to receive the 
MF signals. The processor will operate 
tone-select relays S11 (C) and 517(F) to 
configure the tone oscillators to send the 
keypulse signal. Two LC tone oscillators 

(Q1 and Q2) generate the MF signals. The 
two tones are added together arc amplified 
in mixer/amplifier circuit (Q3) and are 
transformer coupled to the tip and ring for 
a balanced signal for transmission. The 
MF signals are comprised of two different 
tone frequencies and the oscillators are 
designed (with appropriate relay contacts) 
such that Q1 will generate the lower 
frequency (700, 900, 11 CO, 1300, 
or 1 500 Hz) and Q2 will generate the higher 
frequency (900, 1100, 1300, 15C0, 
or 1700 Hz) . A. fixed capacitor (C1 and C2) 
is provided and it is switched via relay 
contacts to an appropriate tap on the 
inductor (L1 and L2) to vary the frequency 
of the LC oscillators. These relay 
contacts ["relays S7 (A) through S17(F) ] are 
arranged such that the capacitor is kept 
charged through the break contacts to 
provide immediate oscillations when the 
circuit is operated. 

4.04 A relay logic circuit (comprised 
of contacts of each of the six tone-select 
relays) checks that two out of the six 
relays are operated when a MF signal is to 
be sent. When only two select relay are 
operated, relay K operates, thus allowing 
the tone oscillators to operate. If 
relay K is not operated, the tone 
oscillators are inhibited frcrr operating 
and scan point SC2 will operate, thus 
indicating 2-of-6 failure. 
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TAEL 


E D 






SEQUENCES OF OPERATION 
i ' 




1 OP FF ATI ON 


1 STATE SECTJENC 


E| MEANING 




1 JHG 


FED C3A 


1 

1 


1 


1 Send 1359 


1 000 


000 OCO 


1 1 

1 Receive wink | 




1 0^0 


100 100 


! Set KP 




010 


10C 100 


I Send 


KP | 




0f>0 


000 011 


IStop 


KP, set 1| 




010 


COO *11 


ISend 


1 | 




000 


000 110 


IStop 


1, set 3 | 




010 


000 110 


1 Send 


| 




occ 


001 010 


1 Stop 


3, set 5 | 




010 


001 010 


ISend 


5 | 




000 


010 100 


1 Stop 


5, set 9 | 




010 


010 1C0 


I Send 


5 I 




oco 


110 000 


IStop 


9, set ST | 




110 


110 oco 


1 Send 


ST | 




000 


000 000 


1 Stop 


ST, idle | 


tTest low frequency 


0^0 


000 oco 


1 

lldle 


I 
I 


I (1100 Hz) i 


000 


100 100 


1 Send 


110" | 




oco 


000 000 


lldle 


I 


I Test high frequency | 


000 


000 000 


1 
lldle 


I 
| 


I (1500 Hz) | 


011 


"10 001 


1 Send 


1500 | 


1 — 1 


000 


000 000 


(Idle 


I 
1 






Mote: Relay triplets ABC, and DEF may be 
operated either A3C and the DEF or DE^ and" then 
AEC. When a digit is stopped and then the relavs 
are set for the next digit, triplet GHJ is set *o 
zero first and then triplet ABC is set followed 
by triplet DEF. The time between triDlet orders 
is approximately 150 US^C. 



a 



~\ 



S.£5 The processor will operate the 
CK(H) relay to send the MF signal. The 
processor will scan SC2 to verify that it 
is not operated, thus indicating that the 
signal has been sent. 

'••"e If SC2 indicates a tone- transmit 
failure, the call is abandoned ana a second 
atteirpt with .a different «* transmitter is 
tnea. After a timed interval, the 

processor will release the CK(H) relay to 
stop the vr signal and will reconfigure th° 
tone-select relays S - ' (A) through S17(F) fjor 
the first digit to be sent. Relay H(CK) is 
a mercury-type relav chosen for spe^d of 
operation. This relay will operate and 
release much faster than the tone-select 
relays. This feature enables simultaneous 
control of the stepping of an NF signal and 
reconfiguring for the next signal in on» 
order without false signaling. After a 
timed interval, the orocessor will operate 
the CK(H) relay to send the first digit. 
After a timed interval the processor 
releases relay CK(H) and reconfigures 
relavs S7 (?) through Si7py f or the next 
dioit. This sequence is repeated until the 
^ast dioit has been sent. The processor 



will then configure relays S7 (A.) 

through S17<?) to send the start signal and 
operate relay CK (H) . After the timed 
interval, the processor releases 

relay CK(H), idles the path, idles the 
V- transmitter, and releases the circuit 
for the next call. 

ESM TRUNKS 

«.07 ESM trunk calls are processed like 
loop trunks, as previously explained, with 
one exception. The wink signal is received 
from the E&M trunk scan point and not from 
the MR transmitter polarity scan point. 

TEST LOWER-FREQUENCY OSCILLATOR 

u.08 When testing the NT* transmitter, 
the ability to test each oscillator 
independently is necessary. Tc test that 
the lower-frequency oscillator can provide 
five tones, relays S17 (F) , T (G) , and any 
one of relays S7 (A) through S1 5 (E) are 
operated. Relays S17(F) and T (G) provide a 
connection to start ctily the 

lower-frequency oscillator and provide one 
of the two relays necessary tc operate the 
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2-of-6 check circuit to allow tone to be 
sent. Operating relays S7 (A) 
through S15(F), one at a tirre, satisfies 
the 2-of-6 check ar d sends one tone 
ccrresDonding to the relay connection on 
the oscillator. 

TFFT HIGHER -FPFOUENCY CSCIIIA.TOF 

U.C9 As with testing the 
lower- frequency oscillator, a similar test 
can be perf onred cm the hiaher- frequency 
oscillator. Operatinq relays S7 (A) , T(G) , 
and CK (H) provides the connection to start 
only the higher- frequency oscillator and 
provide one of the two relays necessary to 
operate the 2-of-6 check circuit to allow 
tone to be sent. Operating relays S9(B) 
throuqh S17(F), one at a time, satisfies 
the 2-of-6 check and sends one tone 
corresponding to the relay connection on 
the oscillator. 

S ECTION III - PEFEPE NCF DAT? 

1 . WORK I NG L IMIT S 

1.0 1 Maximum external loop resistance 
is 600" ohirs. 

1.02 Minimum insulation resistance is 
30, COC ohnrs. 

1.*3 Eattery limits are -U2.75 volts to 
-52.50 volts. 

2. FU*?CTIONAL DESIGN ATIONS 

2 . * 1 Associat ed Sc anne r Ferrods 
D esiqnat icn Meanin g 



SCO 
SC1 
SC2 



Continuity 

Polarity 

2-of-6 Check/Tone- Transmit 



2.0 2 Circuit states 
designat ion Me ani ng 

NU Not Used 

2.0? Relays 
ne siqnaticn Meani ng 



A. 

3 
C 
n 
p 
ir 
G 
H 



Select 700 Hz (S7) 

Select 900 Hz (S9) 

Select 11Q1 Hz (S11) 

Select 1 300 Hz (S13) 

Select 15C0 Hz (S15) 

Select 170O Hz (S17) 
Test (T) 
Tone Transmit ("~K) 



3. FUNCTI ONS 

3.01 Provides for monitoring the trunk 
loop for continuity (SCO) and polarity 
(wink signal) (SC1). 

3.02 Provides for transmitting digits 
to a distant office in the form of 
Mr signals (2-tcne frequencies) and 
verifies that the signal was sent (SC2) . 



±. CONNECTI NG CIRCUITS 

U.01 when this circuit is listed on a 
keysheet, the connecting information 

thereon is to be followed. 

(a) Master Scanner Circuit - SD-3H1U0-01 . 

(b) Distribute Point Circuit - 
SU-3H150-01. 

(c) Junctor and Junctor Control Circuit - 
SD-3H200-0 1. 



(d) Universal 

SD-3H220-01. 



Trunk 



Circuit 



5.J MANUFA CTURING TESTING REQ UIREMENT S 

Intermediate Requ ireme nts 

5.01 Before circuit packs are inserted 
in the unit, it should be verified that the 
unit is wired in accordance with the 
schematic and wiring drawings tc prevent 
damage to the circuit packs. 

End Requ irements 

5.02 This circuit should be tested to 
verify that it is wired in accordance with 
the schematic and wiring drawings, that the 
requirements of the circuit requirements 
table are met, 3nd that the circuit is 
capable of performing all functions stated 
in this circuit description. 

6 . ALARM IN^ORMATTC-N 

6.01 This circuit is fused individually 
with one fuse to the -«8 volt signal supply 
and one fuse to the -U8 volt talk supply. 
If either or both fuses blow, it will cause 
an FA relay, in the frame or which this 
circuit is mounted, to operate an alarm. 

7. TA.KING EQUIPM E NT CUT OF S EP VICE 

7.01 Information on taking this circuit 
out of service can be round in IM-3K0O0 and 
OM-3E000. 
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